It has become more and more evident that the BCL-2 family proteins mediate a wide range of non-apoptotic functions. The pro-apoptotic BAX protein has been reported in interphasic nuclei. Whether the nuclear form of BAX could be involved in nonapoptotic function is still unknown.
R e v i s e d m a n u s c r i p t
The pro-apoptotic BAX protein influences cell growth and differentiation from the nucleus in healthy interphasic cells 
Introduction
The BCL-2 family proteins are essential components of the core apoptotic machinery as they act as anti-or pro-apoptotic regulators. BAX (namely, BCL-2-Associated X protein) was the first identified pro-apoptotic member of the BCL-2 protein family. 1 The majority of BAX proteins are found in the cytoplasm in a closed / globular conformation in healthy cells. 2 BAX is one of the gatekeepers that control mitochondrial outer membrane permeabilization during apoptosis. However, growing evidences suggest that BCL-2 family proteins are also involved in a wide variety of non-apoptotic cellular activities. 3 For instance, the pro-apoptotic BAX and BAK proteins have been shown to be involved in cell cycle progression in mouse embryonic fibroblasts (MEF) in vitro. 4 BAX was also necessary to maintain energy production by supporting the mitochondrial network in non-apoptotic HCT-116 colon cancer cells and primary mouse hepatocytes. 5 More surprisingly, BAX protein was also present in interphasic nuclei of non-apoptotic human epithelial cancer cell lines, 6, 7 but to our knowledge, BAX functions in the nucleus have not been further investigated.
Here, we hypothesized that the nuclear form of BAX could play a role in basic cellular functions in non-apoptotic cells. After demonstrating that BAX was in close proximity to chromatin in vitro, we deciphered the involvement of cytosolic or nuclear BAX in basic cellular functions such as cell proliferation, myofibroblastic differentiation and migration in lung cellular subtypes. Finally, we investigated whether BAX nuclear localization could be also observed in vivo in control human adult or fetal lung compared to diseased / remodelled lungs (namely carcinomas and fibrosis). Thus, we aimed to establish for the first time, a strong link between the nuclear localization of the pro-apoptotic BAX protein and key basic cellular functions in the non-apoptotic setting.
Results

BAX is associated in vitro with chromatin in the interphasic cell nucleus.
Even though the role of BAX cytoplasmic fraction during apoptosis has been actively characterized, 8 the nuclear function of BAX is still unknown. BAX nuclear localization was mainly reported in non-apoptotic cancer epithelial cell lines in vitro. 6, 7 To better understand BAX mechanisms of actions in the nucleus, we determined whether BAX was associated with the chromatin in the interphasic nuclei of lung cell types. First we confirmed that BAX was localized in both nuclei and cytosol Supplemental data for this article can be accessed on the publisher's website.
R e v i s e d m a n u s c r i p t -enriched fractions of the lung epithelial A549 cells by cell subcellular fractionation (Fig. 1A) . The general transcription factor YY1 and GAPDH were respectively used as nuclear and cytosol markers (Fig. 1A) . However, mitochondrial materials were present in both fractions as revealed with Cytochrome c oxidase subunit 4 (COX4, see Fig. S1 ). Nevertheless, we confirmed after cytosol / mitochondria fractionation that BAX was not detectable in the mitochondria-enriched fraction (see Fig. S1 ). These results strongly suggested that BAX localization in both cytosol and nuclei -enriched fractions after nuclear / cytosol fractionation was not associated with the presence of mitochondria components in both fractions. Finally, BAX nuclear localization was not restricted to the epithelial lineage as a similar expression pattern was observed in primary human lung fibroblasts (Fig. 1A and Fig. S1 ). Interestingly, BCL-2 or BCL-x L , the main anti-apoptotic partners of BAX in the cytosol, 9 were not detectable in the nuclei-enriched fraction but present only in the cytosol-enriched one in both A549 cells and primary lung fibroblasts (see Fig. S1 ).
The nuclear localization and potential association of BAX with chromatin were further investigated by a differential extraction protocol in A549 and primary HLF treated with the cell-permeable cross-linker Dithiobis[succinimidyl propionate] (DSP) to preserve protein-protein interactions. 10 First, DSP treated cells were treated with 0.1%TX-100 CSK buffer, which extracts not only cytoplasmic but also nuclear proteins not tightly bound to nuclear structures. Triton-insoluble form of BAX was further extracted/stripped with 0.5M NaCl "high salt" buffer. However, a fraction of BAX was still detected in the remaining pellet indicating that BAX was covalently crosslinked to salt-insoluble proteins (Fig. 1B) . Unlike GAPDH (a cytolosic protein), histone H2B (a core protein component of chromatin) was also resistant to triton and salt extractions. To investigate whether BAX was in close proximity to chromatin, the Triton-and salt-extracted cell pellets of A549 cells and primary HLF were treated with micrococcal nuclease (MNase) to digest chromatin bulks. This treatment partially released both Histone H2B and BAX (Fig. 1B) demonstrating that a fraction of BAX was cross-linked with chromatin in both A549 cells and primary HLF.
Nuclear BAX is involved in the cell cycle progression of lung epithelial A549 cells and primary lung fibroblasts in vitro
In the light of BAX chromatin association in healthy cell in vitro, we next investigated whether nuclear BAX could be implicated in basic cellular functions in non-dying cells. In a first step, we assayed the effects of BAX knock down on basic cellular functions such as proliferation in epithelial (A549 cells) and mesenchymal (primary HLF) cell lineages. But this broad loss of function approach could not distinguish between cytoplasmic and nuclear functions. For this reason, we next assayed whether overexpression of BAX constructs either preferentially targeted or excluded from nucleus would elicit the opposite phenotypic effects than BAX siRNA in A549 cells and primary HLF.
BAX protein expression level was drastically reduced in A549 lung epithelial cells and primary HLF using two independent BAX siRNA compared to cells transfected with control siRNA ( Fig. 2A-B) . Strikingly, cell count revealed that cell proliferation was significantly decreased in A549 cells and primary HLF treated with the two BAX siRNA sequences for 48h compared to control siRNA (Fig. 2C) . No cytotoxic effect was observed in these experiments (data not shown). To further confirm our initial siRNA results, we showed that complete loss of BAX also impacted proliferation in BAX ¡/¡ A549 cells generated by CRISPR-Cas9-mediated genomic engineering (Fig. 2D) . Additionally, a decrease in colony formation was observed in a clonogenic assay with BAX siRNA treated A549 cells compared to control siRNA (Fig. 2E) . Altogether, these results suggested that BAX was involved in proliferation in A549 cells and primary HLF.
Next, the effects of BAX knock down on the expression of CDKN1A a major negative regulator of the cell cycle and proliferation was assayed. The expression of CDKN1A was increased at the mRNA and protein levels in both A549 cells and primary HLF transfected with BAX siRNA compared to control (t D 48 h; see Fig. 3A and B) . Similarly, an increase in CDKN1A at the mRNA and protein levels was also observed in BAX ¡/¡ A549 cells generated by CRISPR-Cas9 approach (Fig. 3A) . To unveil the involvement of nuclear BAX in the regulation of CDKN1A expression and cell cycle progression, we next assayed the potential BAX occupancy of CDKN1A locus (Fig. 3C ) by chromatin immunoprecipitation (ChIP). Interestingly, BAX occupancy of CDKN1A locus was significantly increased near the CDKN1A transcription-starting site (TSS) compared to the control IgG in both A549 cells and primary HLF (Fig. 3C) . Meanwhile, BAX occupancy was also significantly increased in a P53 response element at ¡1.6 kb only in A549 cells (but at a lesser extent than CDKN1A TSS). However, BAX recruitment was neither enriched in a second known P53 response element at ¡2.3 kb in CDKN1A locus 11 nor in a ¡3.8 kb upstream non-specific site used as negative control in Immunoblot showing that BAX, Histone H2B (chromatin marker) and GAPDH (cytoplasmic marker) in the corresponding pellets (pel.) and supernatants (sup.) after sequential extraction with 1) Triton CSK buffer, 2) 0.5 M NaCl high salt buffer and finally digestion of chromatin bulks with micrococcal nuclease (MNase). The right panels (no MNase and MNase treated conditions) were exposed longer than the ones on the left (CSK and 0.5 M NaCl treated samples) Note the absence of BAX and H2B in the supernatant of the control condition with no micrococcal nuclease (no MNase). e v i s e d m a n u s c r i p t both cell types. BAX recruitment near CDKN1A TSS seemed specific of this locus since no significant occupancy enrichment was observed near the TSS of the GAPDH locus in A549 cells and primary HLF (Fig. 3C) . Our results suggested that BAX might directly modulate CDKN1A mRNA expression at the level of the chromatin in the nucleus.
To confirm the role of nuclear BAX in the regulation of cell proliferation and CDKN1A expression level, we generated BAX constructs preferentially targeted either to the nucleus or the cytoplasm in lung cells. On one hand, a sequence containing two "nuclear localization signal" (NLS) 12 was added to the N-terminus of a FLAG HA tagged BAX construct to target it to preferentially to the nucleus. On the other hand, to exclude BAX proteins from the nucleus, a sequence containing two "nuclear export signal" (NES) 12 was added to the N-terminus of a FLAG HA tagged BAX constructs.
First, we validated these tools in A549 cells and primary HLF transiently transfected with NLS-BAX-FLAG or NES-BAX-FLAG constructs. The transfected cells were then subjected to cytoplasm / nucleus fractionation after 48 h. Western blot analysis with BAX antibody revealed that NLS-BAX proteins were present in both cytoplasm and nuclear fractions (but preferentially in the latter), while NES-BAX proteins were excluded from the nucleus and detected only in the cytoplasmic fraction of primary HLF (Fig. 4A ) and A549 cells (data not shown).
Our data showed that A549 overexpressing NLS-BAX displayed an increase in proliferation at 48h compared to control plasmid. In contrast, NES-BAX transient overexpression in A549 cells did not change cell number compared to control plasmid (Fig. 4B) . Similarly, an increase in cell number at 48 h was observed in HLF transfected only with NLS-BAX constructs at 48 h (Fig. 4C ). Only the NLS-BAX construct did significantly decrease CDKN1A expression at both mRNA and protein levels in A549 cells and primary HLF ( Fig. 4D and E) . Meanwhile, NES-BAX slightly altered CDKN1A content only at the protein level in both cell types ( Fig. 4D and E), with no significant impact on cell proliferation ( Fig. 4B and C) . We also confirmed these results in HEK 293T cells (see Fig. S2 ). Using the BAX ¡/¡ A549 cells generated by CRISPR-Cas9 approach, we also showed that only the overexpression of NLS-BAX was able to rescue the upregulation of CDKN1A content observed in BAX ¡/¡ A549 cells compared to wild type cells transfected with control empty vector (see Fig. S2 ). Altogether, these results showed that the effects of the nuclear-targeted form of BAX with regards to cell proliferation and CDKN1A expression levels were truly more potent compared to the cytoplasm-targeted one.
Nuclear BAX modulates partially basal myofibroblastic differentiation state and migratory potential of primary lung fibroblasts in vitro
We also investigated the effect of BAX partial loss of function on basal myofibroblastic differentiation and migration in primary HLF. Myofibroblasts play a critical role in normal tissue repair and impaired stroma remodelling in pathological settings. 13 Given the appropriate microenvironment, fibroblasts can differentiate by acquiring some characteristic of smooth muscle cells (such as expression of alpha smooth muscle actin, aSMA) and becoming active producers of extracellular matrix (ECM) proteins (such as Collagen 1). 13 Pathological fibroblasts are thought to secrete important amount of ECM components leading to the development of fibrosis.
14 We observed at basal levels that knocking down BAX increased aSMA mRNA expression in primary HLF compared to HLF transfected with control siRNA by qPCR, whereas a2-Collagen 1 mRNA isoform (COL1A2) expression levels was not affected (Fig. 5A) . By immunoblot, we observed that decreasing BAX expression with siRNA did increase the basal expression myofibroblast markers such as aSMA and COL1 proteins in primary HLF compared to control cells (Fig. 5A) . These results suggested that BAX modulated aSMA expression at the transcriptional level, while its effect on COL1 expression was probably post-transcriptional (Fig. 5A) .
In the gain of function approach, only the overexpression of NLS-BAX construct decreased the expression levels of aSMA and COL1A2 at the mRNA in primary HLF compared to cells transfected with the empty vector or NES-BAX constructs (Fig. 5B) . Similarly, only the nuclear-targeted form of BAX did decrease aSMA at the protein level (Fig. 5D ) in primary HLF. Meanwhile, COL1 protein level was decreased in HLF overexpressing either NLS-BAX or NES-BAX constructs (Fig. 5B ) compared to control plasmid. These results suggested that BAX cytoplasmic form regulated COL1 expression through a posttranscriptional mechanism. However, the NLS-BAX construct was more efficient in diminishing basal COL1 protein level compared to the cells overexpressing NES-BAX construct (Fig. 5B) .
Migration is a salient feature in fibroblast biology during repair process as well as fibrogenesis.
14 First, we tested the effect of BAX knock down using siRNA on migration in a modified Boyden chamber assay (Fig. 5C ). BAX siRNA treatments did not impact the migration of primary HLF. In contrast, the nuclear-targeted form of BAX strongly induced the migratory capacities of primary HLF as showed in Figure  5C . The cytoplasmic NES-BAX construct also increased the migration of primary HLF (Fig. 5C ) but to a lesser degree. Meanwhile, the migration of A549 cells was not modulated by either BAX loss or gain of function approaches (data not shown). R e v i s e d m a n u s c r i p t BAX displays a nuclear localization in remodelling lung tissues
Overall, to our knowledge, our in vitro results suggest for the first time that nuclear forms of BAX could be implicated in basic cellular functions in non-dying cells. It was therefore critical to determine whether BAX nuclear localization could be also observed in human tissue samples in vivo. For this, we first assayed BAX subcellular localization by immunohistochemistry in paraffin sections from normal human fetal and adult lungs (Fig. 6) . During the pseudoglandular stage (12 weeks), fetal lung tissue undergoing branching morphogenesis displayed nuclear BAX staining in both the epithelium and the mesenchyme (Fig. 6A and B and see Table S1 for the percentages of nuclear staining). In the adult lung (Fig. 6C) , few BAX nuclear positive pneumocytes were observed in the normal lung alveolar parenchyma. By comparison, the normal bronchiolar lung epithelium displayed diffuse BAX nuclear positive cells (Fig. 6C and Table S1 ). Next, we assayed BAX nuclear localization on lung cancer human paraffin tissue arrays. In contrast with normal alveolar space, BAX nuclear expression was strongly expressed in the epithelial tumors cells from lung adenocarcinomas (NSCLC) and from small cell lung carcinomas (SCLC) as showed in Fig. 6D and F (see also Table 1 ). BAX nuclear positive cells were also observed within the stroma of these tumors (Fig. 6E , G, and Table S1 ).
We also assayed BAX nuclear localization in patients suffering from idiopathic pulmonary fibrosis (IPF), a non-cancerous but lethal chronic interstitial lung disease.
14 Upon abnormal accumulation of extracellular cellular matrix (ECM) in IPF, the alveolar-capillary units are then lost and replaced by scarring and honeycomb cysts. The fibrotic lung is characterized by fibroblastic foci where fibroblasts and myofibroblasts accumulate as clusters in subepithelial areas. The overlying epithelium consists of hyperplastic pneumocytes or columnar bronchiolar cells. Areas of hyperplastic, metaplastic and dysplastic epithelium are often observed in the remodeled fibrotic lung.
14 BAX was detected in both cytoplasm and nuclei of the hyperplastic epithelial cells in the aberrantly remodeled distal lung parenchyma and in the fibroblastic foci (Fig. 6H and I and supplementary Table S1 ). Nuclear BAX positive epithelial cells were also observed in IPF bronchiolised distal airspaces 15 ( Fig. 6J ).
Discussion
BAX is associated with chromatin compartment in the interphasic nucleus
The proteins of the BCL-2 family have been extensively studied during the past decades for their cytoplasmic / mitochondrial role in cell death 8 . It has been reported that BAX could shuttle from the cytosol to the nucleus during apoptosis in response to various stress stimuli 7 . However, the consequences of BAX shuttling in the nucleus during apoptosis remain poorly elucidated. Furthermore, it has been shown that BAX was involved in the subcellular redistribution of nuclear proteins from the nucleus to cytoplasm in response to stressor stimuli before the appearance of apoptotic features 16 . Thus, in this study we aimed to better understand BAX nuclear functions in nondying cells, as BAX nuclear localization has been previously reported in non-apoptotic epithelial cancer cell lines derived from human lung 7, 17 and breast 6 but its potential nuclear functions in non-dying cells have never addressed to date.
Our differential extraction protocol using detergent, high ionic strength and nuclease digestion showed that BAX was in close proximity with chromatin-associated proteins in both A549 cells and primary lung fibroblasts. To strengthen this finding, we showed that BAX was present at the promoter of CDKN1a in both cell types by ChIP. Furthermore, co-localization of BAX with the nuclear matrix was previously reported in cultured cancer human cell lines by embedment-free immunogold electron microscopy 18 . Interestingly, Lamin proteins (key components of the nucleoskeleton) are involved in the regulation of numerous nuclear processes, including gene transcription 19, 20 . Altogether, these observations suggest that BAX could at least interact with two interrelated nuclear compartments: the chromatin and the nucleomatrix.
The mechanisms regulating BAX nuclear localization in non-dying cells will require further investigation. Indeed, BAX lacks bona fide nuclear localization signal (NLS) and nuclear export signal (NES) like most of the other members of the BCL-2 family 7 at the exception of the pro-apoptotic BOK protein 21 and a short variant of the anti-apoptotic BCL2A1 protein 22 . One possibility would be that BAX protein (21kDa) could diffuse passively from the cytosol to the nuclear sap as small proteins can cross freely the nuclear envelope through the nuclear pore complexes. Furthermore, BAX would be retained in the nucleus by its interaction with its nuclear partners.
Non-apoptotic functions of BAX in cellular homeostasis
On one hand, BAX displayed a nuclear localization in nondying cells in vitro and in vivo. We showed that BAX was nuclear in proliferating epithelial and mesenchymal cell types in vitro. Strikingly, the nuclear localization of BAX was increased in vivo within remodelling and proliferating tissues such as fetal lung undergoing branching morphogenesis, lung cancer and fibrosis compared to normal lung tissue sections. On the other hand, it has become more and more evident that the BCL-2 family protein also mediate a wide range of basic cellular functions in non-apoptotic settings such as cell cycle regulation, mitochondrial dynamic and bioenergetic as well as R e v i s e d m a n u s c r i p t cell migration. 23 Hence, it was appealing to determine whether nuclear BAX could modulate such basic cellular functions.
In the present study, we showed that decreasing total BAX protein level was sufficient to impact cell proliferation by up-regulating the expression of CDKN1A, a cyclindependent kinase inhibitor in epithelial A549 cells and primary HLF. Conversely, a BAX construct targeted to the nucleus (NLS-BAX) elicited the opposite phenotype than BAX siRNA on cell proliferation, with a decrease in CDKN1A expression at both mRNA and protein levels. Meanwhile, the nucleus excluded form of BAX (NES-BAX) only slightly decreased CDKN1A protein level, probably through a post-transcriptional mechanism, to a much lesser extent than NLS-BAX and with no significant impact on cell proliferation. We also confirmed by studying BAX occupancy of CDKN1A promoter regions that BAX was specifically enriched in the vicinity of CDKN1A TSS in both A549 and primary HLF. These different BAX loss and gain of function experiments suggest that nuclear BAX would rather act as a selective negative regulator of transcription at CDKN1A promoter. Interestingly, CDKN1A and BAX are two known P53 direct target genes. 24, 25 BAX induction by P53 could be involved in a negative feedback loop to control CDKN1A levels in wild type P53 positive cells such as A549 cells. 26 Indeed, BAX occupancy of CDKN1A promoter was significantly increased in a P53 response element at ¡1.6 kb in A549 cells. It is tempting to speculate that nuclear BAX and P53 could compete to regulate CDKN1A since a previous study showed that P53 could interact and activate BAX directly in the cytosol 2 . The possible interaction between P53 and BAX in the nucleus as well as its potential effect upon CDKN1A expression will require further studies. Thus our results suggested strongly that the nuclear form of BAX could directly influence cell cycle progression. A pioneer work published in 1996 showed that the proliferation rate of mature T cells overexpressing BAX in response to interleukin-2 was increased compared to control counterparts. 27 Similarly, BAX overexpression protected neuron from growth factor withdrawal. 28 More recently, a study demonstrated that cell cycle progression was impaired in double Bax ¡/¡ Bak ¡/¡ MEF. 4 However, none of these studies investigated the possible involvement of nuclear BAX in this process. In the light of the role of nuclear BAX in cell proliferation in vitro, it is tempting to speculate that nuclear BAX could be involved in the hyperproliferative epithelial cell growth observed in lung carcinomas and remodelled epithelium in IPF. BAX was also observed in the nuclei of fibroblast within tumor stroma Note the increase expression of aSMA in primary HLF treated with BAX siRNA (96.6% increase C/¡ 40 and 52.5% increase C/¡ 38 respectively with BAX siRNA #1 and #2) compared to siRNA control (gray dash line, n D 5). In contrast, BAX siRNA did not modulate COL1A2 mRNA expression in primary HLF (respectively 5.6% increase C/¡ 21 in and 5.1% increase C/¡ 23 with BAX siRNA #1 and #2) compared to siRNA control (gray dash line, n D 5). In the right part, representative immunoblot (n D 5) of BAX, aSMA, COL1 protein levels in primary cells treated with lipofectamine alone (Lipo.), control siRNA (Cont siRNA) and two different BAX siRNA pooled to increase efficiency. GAPDH was used as loading control. Note the increase expression of aSMA and COL1 protein in BAX siRNA treated HLF. (B) Expression of aSMA (left part), COL1A2 (right part) mRNA by qPCR in primary HLF transfected for 48h with either NES-BAX (respectively 14.4% increase C/¡ 35 for aSMA mRNA and 57.5% increase C/¡ 33 for COL1A2 mRNA) or NLS-BAX (respectively 47% decrease C/¡ 18 for aSMA mRNA and 55% decrease C/¡ 15 for COL1A2 mRNA, n D 3) compared to empty control vector (gray dash line). In the right part: representative immunoblot (n D 3) of FLAG tagged overexpressed BAX constructs, aSMA and COL1 proteins in primary HLF transfected with empty control vector, either NES-BAX or NLS-BAX constructs for 48h. GAPDH was used as loading control. A decrease in aSMA protein level was observed only in NLS-BAX transfected cells, Collagen-1 isoform levels were decreased with both NES-and NLS-BAX constructs. Note that the COL1 and aSMA blots in panel (B) were exposed longer than the ones in panel (A) ( Ã p < 0.05, rank t-Test). (C) Migratory capacities of primary lung fibroblasts in modified Boyden chamber assay after transfection with two different BAX siRNA (compared to control siRNA gray dash line, upper part) or after transfection with either NES-BAX (2.8 § 0.8-fold increase; p < 0.05; n D 5) or NLS-BAX (13.06 § 7.1-fold increase; p < 0.05; n D 5) compared to empty control vector (gray dash line, lower part). Data are median with outer box edges to min and max and whiskers to SEM. ( Ã p < 0.05, Wilcoxon rank t-Test) e v i s e d m a n u s c r i p t and the fibroblast foci in idiopathic pulmonary fibrosis. In contrast with cell cycle progression, basal myofibroblastic differentiation and migration of primary HLF seemed under the control of both cytosolic and nuclear forms of BAX. With regards to gain of function experiments, the effects of the nuclear-targeted form of BAX were more potent than the cytoplasm-targeted one.
The effect of cytoplasmic BAX overexpression on cell migration may also involve anti-apoptotic members of the BCL-2 family since it has been previously showed that MCL-1, BCL-2 or BCL-x L were required for proper migration and invasion of colorectal cancer cells. 23 However, BAX nuclear functions, at least in A549 cells and primary lung fibroblasts, did not seem to implicate BCL-2 or BCL-x L . Indeed, these two anti-apoptotic BAX cytosolic R e v i s e d m a n u s c r i p t partners 9 were not detected in nuclei-enriched fraction in these two cell types. BCL-2 nuclear localization was previously reported in other cell types. 6 The potential nuclear localization and involvement of the other anti-apoptotic members of the BCL-2 protein family in BAX nuclear functions will require further studies.
In conclusion, our in vitro results strongly suggest that BAX, in particular its nuclear form, promotes migration of HLF, maintaining fibroblasts in an undifferentiated state. Altogether, these results are first to suggest that BAX was not simply diffused in the nuclear sap but might interact with chromatin or even gene promoter regions within the nucleus. Interestingly, it has been proposed 5 that BAX non-apoptotic functions are critical for tumour progression as complete inactivation of BAX locus is rarely observed in cancer, whereas mutations preventing its apoptotic function are quite frequent. We also propose that BAX expression level in disease cannot be considered as a reliable readout for apoptosis response as this would undermine the contribution of BAX non-apoptotic functions in tissue homeostasis and disease progression. Hence, our study has established a strong link between the nuclear localization of the pro-apoptotic BAX protein and key basic cellular functions in a non-apoptotic setting.
Materials and methods
Cell lines and plasmids
Human A549 cell line was obtained from ATCC (LGC Standard) and cultured according to manufacturer recommendations. Primary Human lung fibroblasts from control patients were derived from human lung explants as previously described.
29 Primary Human lung fibroblasts (HLF) were cultured with Dulbecco's modified Eagle's medium (Gibco) supplemented with 10% fetal calf serum (FCS) and antibiotics as previously described 29 and used at passage five. NLS-BAX and NES-BAX plasmid cloned in pCDNA3.1 (Life Technology Invitrogen) were generated from a BAX-a backbone vector purchased from Origene. PCR cloning approach was used as described in, 30 two different primers were used to respectively add 2 NES or 2 NLS sequence in 5' position of BAX-a cDNA. Meanwhile, a common primer was used to add FLAG and HA tags in 3' position (the primer sequences are described in supplementary Table S2 ). CRISPR/Cas9 plasmids targeting human BAX were purchased from Santa Cruz Biotechnology (sc-400042 and sc-400042-HDR).
Human tissues samples
Paraffin tissue arrays with lung cancer samples were purchased from US Biomax. Normal human fetal lung paraffin sections (12-week gestation) were obtained through the Bichat Hospital pathology department from diagnostic feotopathology cases. IPF lung samples were obtained from patients undergoing open lung biopsy (n D 5; median age 58 years; range 49-70 years). IPF was diagnosed according to ATS/ERS/JRS/ALAT criteria, including histopathological features of usual interstitial pneumonia. 31 Control lung samples were non-disease-involved segments from patients (n D 5; median age 52.5 years, range 42-80 years) who were undergoing lung surgery for removal of a primary lung tumor. This study was approved by the local ethics committee (CPP Ile de France 1, no. 0811760). Written informed consent was obtained from all subjects.
Cell culture experiments
For BAX knock down experiments with small interfering RNA (siRNA), cells were transfected at 50% to 60% of confluency in 6-well dishes. All transfection experiments were performed using the lipofectamine 2000 method (Life Technology -Invitrogen), in duplicate or triplicate, in accordance with the manufacturer's instructions. To suppress endogenous BAX expression, we used 2 specifics siRNA against BAX from Life Technology -Invitrogen (BAXHSS141355 and BAXHSS141356). SiRNA Negative Control MED GC (Invitrogen) was used as a negative control. A final concentration of 30 nM siRNA was used for A549 cells, and 50nM for control HLF. In myofibroblastic differentiation experiment, siRNA #1 and #2 were pooled to increase efficiency. A similar transfection protocol was used to overexpress Flag HA tagged NLS-BAX and NES-BAX constructs cloned in pCDNA3.1 vector. Empty pCDNA3.1 plasmid was used as control (1.5 mg of plasmid were used for each transfection reaction). The optimal plasmid amount was determined in preliminary experiments using A549 cells. No cytotoxic effect was detected in A549 and primary HLF transfected with NES-BAX or NLS-BAX constructs compared to control plasmid at this dosage (data not shown). However, both NES-BAX and NLS-BAX constructs induced apoptosis at higher dosage compared to control plasmid in A549 cells (data not shown). Generation and selection of BAX ¡/¡ A549 clones using CRISPR/Cas9 method were performed according to manufacturer instructions (Santa Cruz Biotechnology).
Cell Growth was assayed 48h after siRNA BAX transfection or seeding for BAX ¡/¡ A549 cells. Cells were harvested through trypsinization and analysed for total cell number and dead cell population by trypan blue dye exclusion method by automatic cell viability analyzer (VI-CELL Ò , Beckman Coulter). In the colony assay, 500 A549 cells were seeded in 6-well dishes overnight and then serum deprived for 5 days before recovery in full growth medium for 7 days. Cell colonies were stained with 1% Crystal violet staining solution in 70% ethanol for 5min before extensive washes in PBS. Photographs were taken with a Vilbert-Loumart apparatus and quantified with Image J software. For immunoblot and mRNA experiments, cells were plated in 6-well plates for 24 h before transfection. The cells were cultured in full growth medium at the exception of the primary HLF assayed for myofibroblastic markers. In these experiments, cells were cultured in serum-deprived medium for 48h after the transfection.
mRNA analysis
The mRNA from cell lines were extracted using NucleoSpin Ò RNA II kit according to manufacturer instructions (Macherey-Nagel GmbH & Co). The Reverse Transcription reaction was perfomed with 500ng of total RNA as described above. The transcripts of Ubiquitin C (UBC) served as endogenous RNA controls. 29 The results were expressed as gene of interest/UBC mRNA ratios. CDKN1A, R e v i s e d m a n u s c r i p t a-SMA, a2-COL1 and UBC (see supplementary Table S2 for sequence) expression were quantified by real-time polymerase chain reaction with a PCR ABI 7500 apparatus (Applied Biosystems).
Immunoblot, differential extraction and chromatin immunoprecipitation
Primary fibroblasts and A549 cells in culture were lysed on ice in RIPA buffer (10mM Tris-HCl pH8, 50 mM NaCl, 0.5% Na deoxycholate, 0.2% SDS, 1% NP-40), supplemented with protease inhibitor cocktail inhibitor (10 mg/ml aprotinin, 10 mg/ml leupeptin, 8.3mg/ml pepstatin A, 2 mM PMSF). Lysates were clarified by centrifugation (13,000 g for 20 min at 4 C). 10-30 mg samples were analysed by western blot experiments described in. 29 Cell fractionation was performed according to manufacturer instructions (Nuclear/Cytosol Fractionation Kit and Mitochondria/Cytosol Fractionation kit, Biovision). BAX differential extraction protocol was adapted from 10 using micrococcal nuclease (MNase). Briefly, cross-linked cells using Dithiobis[succinimidyl propionate] (DSP, 200 mg/ml for 10 min at room temperature; Pierce) were treated with 0.1%TX-100 CSK buffer. After centrifugation, the pellets were further extracted with high salt buffer (0,5M NaCl) and the remaining pellets were finally digested with micrococcal nuclease (10 U/ml 60 min 37 C; NEB). The following primary antibodies were used for immunoblotting: anti-BAX (Scbt Sc-493), anti-Histone H2B (Abcam, Ab1790), anti-CDKN1A (CST, #2947), anti-COX4 (CST, #11967), anti-YY1 (Abcam, Ab109228), anti-Lamin B1 (Abcam, Ab16048) and anti-GAPDH (Covalab, mab90009-P). ChIP analyses were performed with Abcam's ChIP Kit -" One Step" (ab117138) following manufacturer instructions. Briefly, DSP cross-linked chromatin from A549 cells and primary HLF was prepared as described in. 32 Chromatin fragments (from about 1 £ 10 6 cells) were immunoprecipitated with antibodies against BAX (BD Pharmingen #554104), RNA POL-II and an irrelevant IgG control (both from Abcam's "ChIP Kit -One Step"). The precipitated DNA was amplified by real-time PCR with previously published primer sets 11 designed to amplify the CDKN1A locus (¡3.8 kb, ¡2.3 kb, ¡1.6 kb CDKN1A upstream sites and CDKN1A TSS) and GAPDH TSS. The results are expressed relative to RNA POL-II occupancy of a given site.
Immunohistochemistry
The paraffin-embedded sections were treated as previously described. 29 Two primary BAX antibodies were used for IHC: anti-BAX Abcam ab54829 and ab7977. To test the specificity of immunostaining, antibodies were replaced by an isotypematched control antibody. All digital images of light microscopy were acquired with a DM400B microscope (Leica) equipped with a Leica DFC420 CDD camera.
Statistical analysis
All data were expressed as or mean (with standard error of the mean) values as described in figure legends. Statistical analysis was performed with Prism 5 (Graphpad Software Inc., La Jolla, CA USA). P values less than 0.05 were considered as significant (s.e.m values are displayed). 
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